Listeners who were 6.5 months, 12 months, 5 years, and 21 years of age were required to discriminate a pair of 500-Hz, Gaussian-enveloped tone pips from a short 500-Hz tone of the same duration and total energy. Groups of 6.5-month-old infants were tested on a single gap duration: 8, 12, 16, 20, 28, or 40 ms. Groups of 12-month-olds were also tested on a single gap duration: 8, 12, 16, or 20 ms. The 5-year-old children and adults were tested on gap durations of 8, 12, and 16 ms. The mean performance of 6.5-month-olds significantly exceeded chance levels on all gap durations except 8 ms, and that of 12-month-olds was above chance levels on all gap durations. For 5-year-old children and adults, mean performance also exceeded chance levels for all gap durations tested. Adults performed significantly better than 5-year-old children on gap durations of 12 and 16 ms. Gap-detection thresholds, defined by a performance criterion of dЈϭ0.5, were estimated at 11, 5.6, and 5.2 ms for infants, children, and adults, respectively. It is likely that smaller adult-infant differences in the present study compared to those reported in previous research stem from our use of Gaussian-enveloped tone pips and the consequent minimization of adaptation effects.
INTRODUCTION
Although it is generally acknowledged that auditorytemporal processing improves substantially over the first several years of life, there is considerable disagreement about the specific developmental timetable. For example, the age of achievement of adultlike temporal acuity is reported to be 9 to 11 years of age by some investigators ͑Davis and McCroskey, 1980; Irwin et al., 1985; Grose et al., 1993͒ and 5 to 6 years of age by others ͑Morrongiello et Wightman et al., 1989; Jensen and Neff, 1993; Hall and Grose, 1994͒ . No doubt, differences in stimuli and experimental tasks account for the apparent differences.
In contrast to the evolving picture of temporal resolution in early and later childhood, relatively little is known about temporal acuity in infant listeners. Nevertheless, the thresholds of 6-month-old infants for duration discrimination ͑Morrongiello and Trehub, 1987͒ and the precedence effect ͑Morrongiello et al., 1984͒ seem to be twice the size of those reported for adults. Similarly, gap-detection thresholds for infant listeners ͑3, 6, and 12 months͒ are five to eight times those of adults ͑Werner et al., 1992͒.
Gap detection is generally the preferred behavioral measure of temporal resolution. In the typical experimental situation, the investigator attempts to establish the minimum interruption or gap required for a listener to hear two sounds rather than one. The experimental stimuli are generally constructed from broadband noise, narrow-band noise, or pure tones. Although broadband noise has the advantage of masking the spectral splatter that may result from abruptly interrupting a signal, it obscures the specific frequencies used in detecting the gap ͑Florentine and Buss, 1982 Buss, , 1984 Fitzgibbons and Wightman, 1982; Shailer and Moore, 1983; Glasberg et al., 1987͒ . Because of several reports of frequencydependent differences in absolute threshold between adults and children ͑Schneider et al., 1980; Trehub et al., 1980; Olsho et al., 1988; Trehub et al., 1988 , it may be especially difficult to separate the effects of sensitivity differences in different frequency regions from temporal resolution differences in the context of broadband noise. Evidence for such frequency-dependent differences is equivocal. Irwin et al. ͑1985͒ found larger adult-child differences in gap-detection thresholds at low frequencies than at high frequencies. Wightman et al. ͑1989͒ , however, failed to find such an age by frequency interaction.
The use of narrow-band noise permits the specification of stimulus frequency, but introduces pronounced amplitude fluctuations that the listener may confuse with gaps. Consequently, gap-detection thresholds will be influenced by the ability to discriminate differences between local amplitude fluctuations and an actual gap in a narrow-band noise ͑Glas-berg et al., 1987; Moore and Glasberg, 1988; Glasberg and Moore, 1992͒ . By contrast, the use of signals constructed from pure tones precludes the frequency specification problems of broadband noise and the amplitude fluctuations of narrow-band noise. Unfortunately, the only investigators to study gap detection in children with pure-tone stimuli ͑Davis and McCroskey, 1980͒ failed to use a masker to eliminate spectral cues ͑e.g., see Moore and Glasberg, 1988͒ . As a result, their age-related differences in gap thresholds may reflect developmental differences in sensitivity to energy at remote frequencies.
Regardless of the type of signals-pure tones, broadband noise, or narrow-band noise-those that are continuous are likely to produce substantial adaptation prior to the introduction of the gap ͑Harris and Dallos, 1979; Westerman and Smith, 1984͒ . To the extent that gap detection is based on an onset response to the reintroduction of the stimulus, greater adaptation will be associated with lesser sensitivity to the gap. Consequently, differences in adaptation ͑and recovery from adaptation͒ across test procedures and age groups may confound the measurement of gap-detection thresholds.
The purpose of the present investigation was to estimate gap-detection thresholds for pure-tone stimuli in infants, 5-year-old children, and adults. To reduce the potentially confounding effects of developmental differences in adaptation, sensitivity to amplitude fluctuations, and sensitivity to spectral scatter at remote frequencies, stimuli were constructed from Gaussian-enveloped pure tones ͑see Schneider et al., 1994a͒ . Two such tone pips are shown in Fig. 1 ͑upper panel͒. Each tone pip was obtained by multiplying a 500-Hz tone by a Gaussian envelope whose standard deviation was 2 ms. The listener's task was to differentiate a pair of tone pips from a short ͑no-gap͒ tone of the same duration and total energy ͑see Fig. 1 , lower panel͒. In Fig. 1 , the peaks of the two illustrated tone pips are separately by 12 ms.
Harris and Dallos ͑1979͒ showed that, as the duration of a masker increased, the response of a neuron to a probe stimulus following offset of the masker decreased ͑see, for example, their Figure 13͒ . Thus the use of Gaussianenveloped pure tones and brief markers defining the gaps should minimize the effects of age-related differences in adaptation on gap-detection thresholds. For such tones, moreover, the degree of spectral splatter is independent of gap duration, and the spectral profiles of gap and no-gap stimuli are similar ͑see Fig. 2 for spectral profiles of these two stimuli͒. In fact, the small spectral differences that are present at remote frequencies have no effect on gap detection ͑Schneider et al., 1994a,b͒. When the effective duration of a Gaussian-enveloped pure tone 1 is equated with the effective duration of a pure tone with any other type of envelope that is switched on and off, the Gaussian-enveloped pure tone has less spectral splatter; conversely, if the degree of spectral splatter for these two signals is equated, then the Gaussianenveloped pure tone has a shorter effective duration ͑Gabor, 1946͒. The aforementioned features indicate the appropriateness of Gaussian-enveloped tones for the estimation of gapdetection thresholds.
It should be noted, however, that Gaussian-enveloped pure tones do not eliminate all potential spectral cues to the detection of a gap. As Fig. 2 shows, the dB difference between the center lobe and the two adjacent sidelobes is considerably larger for the no-gap stimulus than for the gap stimulus. Moreover, the extent of this difference is dependent on the duration of the gap. Nevertheless, the spectral differences between the gap and no-gap stimuli in this frequency region are smaller for a gap between two Gaussianenveloped tones than for a gap in a continuous tone ͑Schneider et al., 1994a͒. Consequently, Gaussian-enveloped pure tones minimize the likelihood that gap detection is based on spectral differences at or near the frequency of the pure tone.
The adult, child, and infant listeners in the present investigation were presented with gap durations as small as 8 ms and as large as 40 ms. On the basis of the aforementioned advantages of Gaussian-enveloped pure tones over stimuli used in previous developmental investigations ͑Davis and McCroskey, 1980; Irwin et al., 1985; Wightman et al., 1989; Werner et al., 1992͒ , we expected thresholds to be substantially smaller and developmental differences less dramatic than those reported previously.
I. METHOD

A. Subjects
The participants included 187 infants, 27 5-year-old children, and 30 adults. Data from 27 infants were excluded because of their failure to meet the training criterion ͑nϭ16͒ or to complete their single test session ͑nϭ11͒. Data from three children were excluded because of failure to meet the training criterion ͑nϭ1͒ or to complete the two required test sessions ͑nϭ2͒. The final sample consisted of ninety-six 6.5-month-old ͑Ϯ2 weeks͒ infants ͑47 male, 49 female; mean ageϭ6 months, 20 days͒, sixty-four 12-month-old ͑Ϯ2 weeks͒ infants ͑34 male, 30 female; mean ageϭ12 months, 2 days͒, twenty-four 5-year-old ͑Ϯ3 months͒ children ͑10 male, 14 female, mean ageϭ5 years, 1 month͒, and 30 adults 18 -26 years of age ͑10 male, 20 female; mean ageϭ21 years͒. Infant and child participants were volunteers from the local community; adults were college students who received course credit or token payment for their participation.
B. Apparatus and stimuli
Testing was conducted in a double-wall soundattenuating booth ͑IAC͒ with an ambient noise level of 19 dBA. Stimuli were digitally generated with a sampling rate of 20 kHz, converted to analog form using a 16-bit digitalto-analog converter ͑TMS3Z0C25 digital signal processing system͒, and presented over a single loudspeaker ͑Grason-Stadler͒. The loudspeaker was directly above a four-chamber smoked Plexiglas box that contained four different mechanical toys ͑and lights͒ that served to reinforce correct responses. The presentation of stimuli and the activation of the reinforcers were under computer control. A small, hand-held control box that was linked to the computer allowed the experimenter or adult subject to initiate trials and record responses from inside the sound booth.
Gaussian-enveloped 500-Hz tones were used to construct the standard ͑no-gap͒ and comparison ͑gap͒ stimuli. The standard deviation of the Gaussian envelope of the tone pip was 2 ms, so that the duration of the tone pip, between the 1 2 amplitude points of the Gaussian envelope, was 4.71 ms. Gap duration, ⌬t, was defined as the time between the peak amplitudes of the two tone pips defining the gap. The gap stimuli ͑8-, 12-, 16-, 20-, 28-, and 40-ms gap durations͒ were constructed by sequentially presenting two Gaussianshaped, 500-Hz tones ͑see Fig. 1͒ . Because the total energy of the gap stimulus depended on the delay, ⌬t, between tone pips, the amplitude of the 500-Hz tone was adjusted so that the total energy in the two tone pips was independent of the delay. Thus the gap stimulus was defined by
where the standard deviation of the Gaussian function is 0.002 s, t is time in seconds, f ϭ500 Hz, A is the amplitude of the tone that produced a signal level of 88 dB SPL, and ␤(⌬t) is the amplitude adjustment. Because ⌬t was an integer multiple of ͑1/f ͒, both tone pips were in cosine phase when each pip reached peak amplitude. Moreover, the second pip was always in phase with the first tone pip ͑pre-served phase, Shailer and Moore, 1987͒ . The standard, no-gap stimuli were short tones equivalent in total duration and energy to the gap stimuli; they were constructed by adding a series of Gaussian-enveloped, 500-Hz tones, according to the procedure described by Schneider et al. ͑1994a͒ , where each tone pip was separated by 4 ms. An example of such a no-gap stimulus is shown in Fig. 1 ͑lower panel͒. Because the amplitudes of the no-gap stimuli were adjusted to produce energy levels equal to those of the gap stimuli, the peak amplitude of the no-gap stimulus decreased with gap duration. Figure 2 shows the spectral density functions for two tone pips separated by 12 ms and for the equivalent 12-ms no-gap stimulus. As noted previously, the degree of spectral splatter is comparable for the two stimuli, and gap discrimination is unaffected by the small spectral differences at remote frequencies ͑Schneider et al., 1994a,b͒. Moreover, the spectral differences near 500 Hz are smaller for these stimuli than for gapped pure tones in a notched-noise masker ͑Schneider et al., 1994a͒.
C. Design
Infants were tested in a between-subjects design: sixteen 6.5-month-old infants received a single gap duration of 8, 12, 16, 20, 28, or 40 ms; sixteen 12-month-old infants received a gap duration of 8, 12, 16, or 20 ms. Children and adults were tested in a within-subject design: Each participant received gap durations of 8, 12, and 16 ms. Test trials were blocked ͑gap duration fixed within a block͒, with the order of blocks randomized across subjects. To estimate the effects of practice in adult listeners, a previously tested gap duration ͑8, 12, or 16 ms, randomly selected͒ was repeated in a fourth block of test trials.
D. Procedure
Infants
Infants sat on their parent's lap facing the experimenter, with the loudspeaker and reinforcement box 45°to the infant's left. The experimenter, using the hand-held control box, pressed one button to indicate when the infant was quiet and facing directly ahead ͑i.e., to signal to the computer that the infant was ready for a trial͒ and another to record all infant responses-head turns of 30°or more toward the loudspeaker. There were 40 test trials: 20 gap trials ͑two tone pips with a gap of specified duration͒ and 20 no-gap trials presented in random order with the constraint of no more than five consecutive no-gap trials. These no-gap trials provided an estimate of the rate of false alarms. Throughout the test phase, the experimenter and parent wore headphones with masking music so that both were unaware of the type of trial ͑gap or no-gap͒ presented to the infant.
Essentially, infants were tested with a go/no-go procedure. Until the experimenter called for a trial by pressing a button, the no-gap stimulus was repeatedly presented with 500-ms interstimulus intervals. When the infant was looking directly ahead, the experimenter called for a trial; the computer only did so if a minimum of eight no-gap ͑i.e., standard͒ stimuli had been presented following the last gap stimulus. On 50% of the trials, a single presentation of the gap stimulus was substituted for the next scheduled appearance of a stimulus; 500 ms after the presentation of the gap stimulus, the sequence of no-gap stimuli was reinstated. If the infant turned 30°or more toward the loudspeaker ͑correct response͒ within a 3-s response interval ͑beginning with the offset of the gap stimulus͒, presentation of stimuli was discontinued, and an animated toy in one of the four chambers of the toy box ͑randomly selected͒ was automatically illuminated and activated for 2 s. After the toy was turned off, no-gap stimuli were again presented at 500-ms intervals until the experimenter called for another trial. On the remaining trials, there was no interruption in the presentation of no-gap stimuli ͑i.e., no change trials͒. However, a 3-s response window identical to that of the gap trials was in effect. Turns during the response window on no-gap trials had no consequence.
Prior to the test phase, there was a training phase that began with two demonstration ͑gap͒ trials in which two tone pips with a 40-ms gap were presented at a level ϩ5 dB greater than the repeating no-gap stimulus. If the infant failed to respond ͑turn͒ to the change, the experimenter directed the infant toward the loudspeaker and the toys were activated. The remaining training trials were gap trials in which the gap stimuli were presented at equal intensity to the no-gap stimuli except when infants failed to respond on two successive trials. In such instances, there were two further demonstration trials ͑with a 5-dB increase in the intensity of gap stimuli͒ followed by a return to the training trials. Before proceeding to the test phase, infants were required to meet a training criterion of five successive correct responses with background ͑no-gap͒ and test ͑gap͒ stimuli at equal intensity. Test sessions with infant listeners ͑training and test phases combined͒ took approximately 10 min.
Children
Each child visited the laboratory twice within a 2-week period. At the first visit, children participated in an orientation session and a subsequent test session; the second visit involved two test sessions. Thus each child received one orientation session with 20-ms gaps followed by three additional sessions, each with a single gap duration of 8, 12, and 16 ms. The order of the three test sessions was randomized.
During the test sessions the child sat facing the experimenter ͑who wore headphones with masking music͒, with the loudspeaker and toy box 45°to the child's left. Test trials were initiated by the experimenter when the child was quiet and facing directly ahead. Unlike the go/no-go procedure for infants, children were tested in a yes/no procedure. On each trial, they received a single stimulus-gap or no-gap ͑randomized͒-and they were required to choose between a response of one ͑corresponding to the no-gap stimulus͒ or two ͑corresponding to the two tone pips͒. They indicated the presence of a no-gap stimulus by pressing a large button beside a picture of one drop of water, and the presence of two tones by pressing another button beside a picture of two drops of water. The experimenter monitored children's responses on the toy buttons and pressed the corresponding buttons on the control box linked to the computer. Correct responses on gap and no-gap trials were reinforced by the illumination and activation of the toys used for infants. The test phase consisted of 30 gap trials and 30 no-gap trials in random order, with the constraint of no more than five consecutive no-gap trials. There were rest breaks between sessions on the same day and within sessions, if necessary. During such breaks, children placed colorful stickers in a book provided for that purpose.
The test phase was preceded by a training phase in which children were familiarized with the stimuli and the response requirements. There were seven demonstration trials in which no-gap stimuli were described as sounding like one drop of water and gap stimuli as two drops. These were followed by training trials in which the child responded independently. Each child was required to meet a training criterion of six consecutive correct responses within 20 trials in order to proceed to the test phase. Although each test session was preceded by a training phase, only the initial session included the demonstration trials. Aside from the initial session, which included more extensive explanations, instructions, and demonstrations, each test session ͑training and test phases combined͒ took approximately 40 min.
Adults
Each adult completed one orientation session with a 20-ms gap, followed by three test sessions with gaps of 8, 12, and 16 ms ͑in random order͒, and a final session on a previously tested gap duration ͑randomly selected from 8, 12, and 16 ms͒. Test sessions were separated by very brief rest breaks. The initial session began with demonstration and practice trials similar to those provided for 5-year-old children ͑except for the pictures and large buttons͒. Adults called for their own trials and recorded their responses with buttons on the control box. After adults met the initial training criterion of six consecutive correct responses, the experimenter left the booth for the test phase and for the remaining test sessions. Feedback for correct responding was provided by the same mechanical toys used for infants and children. The test phase consisted of 30 gap trials and 30 no-gap trials in random order with the constraint of a maximum of 3 consecutive no-gap trials. After the orientation session, the demonstration phase was excluded from subsequent test sessions, which were otherwise identical ͑except for the experimenter's absence during the training phase͒.
Note that adults and children received 60 trials ͑30 gap and 30 no-gap trials͒ whereas the infants received only 40 trials ͑20 gap and 20 no-gap trials͒. Preliminary results and extensive experience with this procedure have indicated that experimental sessions with infants that exceed 10-15 min are frequently unsuccessful. Thus we were unable to collect as many trials for infants as we were for children and adults.
II. RESULTS
For each subject, proportions of correct responses on gap trials ͑hits͒ and incorrect responses or no-gap trials ͑false alarms͒ were transformed to dЈ scores according to yes/no tables of signal detection theory. This transformation eliminates response bias if assumptions of normality and homogeneity of variance are met ͑Green and Swets, 1974͒. To avoid potential problems of infinite dЈ scores ͑proportions of 0 or 1͒, proportions were calculated by adding 0.5 to the number of responses and dividing the resulting scores by the number of trials plus one. Thus if an infant turned on all 20 gap trials ͑none actually did in the present experiment͒, the proportion correct would be 20.5/21ϭ0.98. This adjustment has minimal effect on the dЈ scores and maintains the original rank ordering of subjects by performance ͑see Thorpe et al., 1988͒.
A. Infants
As can be seen in Table I , the mean performance of 6.5-month-old infants significantly exceeded chance levels on gap durations of 12, 16, 20, 28, and 40 ms, but not on a gap duration of 8 ms. The mean performance of 12-montholds significantly exceeded chance levels for all gap durations tested: 8, 12, 16, and 20 ms. In Table I we have also noted the number of infants at each gap duration who showed significant differences in performance on gap and no-gap trials.
2 It can be seen that over 1 2 of the infants at each gap duration greater than 8 ms performed at above chance levels. An age by gap duration analysis of variance comparing the performance of 6.5-and 12-month-olds for the four common gap durations revealed no effect of age, F͑1,120͒ ϭ0.013, pϾ0.25, a highly significant effect of gap duration, F͑3,120͒ϭ12.967, pϽ0.0001, and no age by gap duration interaction, F͑3,120͒ϭ0.5655, pϾ0.25 . Thus the only reliable effect was the increase in gap duration. Clearly, the performance of both age groups on the 8-ms gap was sufficiently variable that the apparent difference in their mean scores was not statistically significant.
B. Children
The mean performance of 5-year-olds significantly exceeded chance levels for all gap durations tested: 8, 12, and 16 ms ͑see Table I͒ . Table I also indicates that all of the children were performing better than chance at a gap duration of 16 ms, that 21 out of 24 were performing better than chance at 12 ms, and that 19 of the 24 children were performing better than chance at 8 ms. An ANOVA ͑gap duration by order by sex͒ revealed a highly significant effect of gap duration but no effects of sex or of order of testing, and no interactions, F͑2,54͒ϭ6.532, pϽ0.003. A repeated measures ANOVA indicated that performance did not change significantly over quartiles of the test session.
C. Adults
The mean performance of adults significantly exceeded chance levels for all gap durations tested: 8, 12, and 16 ms ͑see Table I͒. All adults were performing above chance for gap durations greater than 8 ms; at 8 ms, 26 out of 30 adults were performing better than chance. Performance on the 8-ms gap was significantly better when it occurred second in the series of three test blocks rather than first or third, F͑2,27͒ϭ3.805, pϽ0.05. There were no improvements in performance from the first session with a particular gap duration to the session in which that gap duration was retested, with the exception of the 8-ms gap, where significant improvement was evident, t͑9͒ϭϪ3.818, pϽ0.005. Because this change in performance paralleled the improved performance on the 8-ms gap in the second test block ͑repeated session: ⌬dЈϭ1.172; second test session: ⌬dЈϭ1.04͒, it is likely that these performance fluctuations reflect unsystematic variations rather than meaningful practice or learning effects. Indeed, performance across quartiles within the test sessions did not change significantly, nor was there a significant gap duration by quartile interaction. Finally, an age ͑child, adult͒ by gap duration ͑8, 12, 16 ms͒ analysis of variance revealed significantly better adult performance on the 12-ms gap, F͑1,52͒ϭ26.239, pϽ0.0001 , and on the 16-ms gap, F͑1,52͒ϭ44.949, pϽ0.0001, but performance differences on the 8-ms gap did not reach conventional levels of significance, F͑1,52͒ϭ3.097, pϭ0.08. Figure 3 plots dЈ as a function of gap duration for infants, children, and adults. Note that dЈ is assumed to be 0 at a gap duration of 4 ms. ͑With a standard deviation of 2 ms, two 500-Hz tone pips separated by a gap of 4 ms would be physically indistinguishable from its no-gap counterpart. Therefore, dЈ would be 0.͒ The gap-detection threshold was defined as the gap duration associated with a performance criterion of dЈϭ0.5. Gap-detection thresholds for infants ͑6.5-and 12-month-olds͒, children, and adults were 11, 5.6, and 5.2 ms, respectively.
D. Thresholds
III. DISCUSSION
As can be seen in Fig. 3 , the functions relating dЈ to gap duration asymptote at lower levels for the younger age groups. One possible explanation of this finding involves different rates of inattention as a function of age. If infants are attending, say, on only 70% of the trials, their computed dЈ scores will not accurately reflect their discriminative capacity. Figure 4 shows how computed dЈ scores ͑using our scoring procedure͒ would vary as a function of the ''true'' dЈ value for different rates of attention.
3 Note that our scoring procedure ͑adding 1 2 to the number of hits and false alarms before dividing by nϩ1͒ itself produces a lower asymptote even when the rate of attention is 100%. Note, further, that as the rate of attention decreases, the asymptotic value of dЈ decreases. For instance, when the ''true'' dЈ value is 4.0, the measured dЈ value would be 3.39 for 100% attention but only 1.81 when the subject is attending on only 70% of the trials. In short, when gap durations are highly discriminable, different rates of attention will produce large differences in dЈ.
Note, however, that differences in rates of attention have a smaller effect on the measured value of dЈ when discriminability is poor. If, for example, the true value of dЈ is 0.6, the measured values would be 0.57 and 0.40 for 100% and 70% rates of attention, which is one of the reasons why we chose to use a threshold criterion of 0.5. Because high rates of inattention could increase the measured value of the threshold, the actual difference in infant and adult thresholds is likely to be smaller than that estimated here. Given that the estimated difference in threshold between infants and adults is already quite small ͑11 and 5.2 ms, respectively͒, we are left with the distinct possibility that adult-infant differences in gap detection, once differential rates of attention are taken into account, are nonexistent. Because we have no independent measure of the rate of attention ͑other than its presumed effect on asymptotic dЈ͒, however, we cannot readily correct for differential rates of attention. In any event, adult-infant differences in sensitivity to gaps are likely to be minimal.
The present gap-detection thresholds for 500-Hz Gaussian-enveloped tones ͑11, 5.6, and 5.2 ms for infants, 5-year-olds, and adults, respectively͒ are substantially lower than reported infant thresholds for gaps in a continuous noise ͑Werner et al., 1992: 40-80 ms͒. They are also substantially lower than thresholds for gaps in an unmasked, continuous tone on the part of 6-year-old children ͑Irwin et al., 1985: approximately 25 ms͒ and adults ͑Irwin et al., 1985: approximately 13 ms͒. On the one hand, the gap-detection thresholds of young normally hearing adults for 500-Hz tone pips are comparable to the thresholds of normally hearing adults for a gap in a continuous 500-Hz tone masked by notched-noise ͑e.g., Shailer and Moore, 1987; Moore and Glasberg, 1988; Moore et al., 1992͒. On the other hand, Schneider et al. ͑1994a͒ found that the gap-detection thresholds of young adults for 2-kHz tone pips were substantially lower than the equivalent thresholds of young adults for a gap in a 2-kHz tone ͑e.g., Shailer and Moore, 1987; Moore and Glasberg, 1988; Moore et al., 1992͒ . Why should gap detection be better in the context of tone pips that in the context of a continuous tone at 2 kHz but not at 500 Hz?
In the experiments by Moore and his colleagues, gaps were produced by turning the tone off and on at a zero crossing, with the duration of the gap defined as the duration of the off period. In our procedure, gap duration was defined as the interval between the peak of the two tone pips. The first tone pip was not turned off abruptly, but decayed according to a Gaussian envelope. For our 500-Hz tone pips, where the temporal envelope had a 2-ms standard deviation, the amplitude of the gapped stimulus did not go to 0 even when the gap was as long as 12 ms ͑see Fig. 1͒ . In the standard notched-masker procedure, the tone is actually at 0 intensity for a 12-ms gap. Even when the two procedures yield ''com- parable'' numerical values for threshold, then, subjects in the two tone-pip procedure would be responding to a smaller change in the amplitude envelope than subjects in the standard procedure ͑gaps in continuous tones͒, indicating greater sensitivity to amplitude change in the two tone-pip procedure.
It should also be noted that gap-detection thresholds appear to decrease with increasing frequency for tone pips but not for gaps in continuous tones, where thresholds do not vary substantially over the frequency range from 0.4 to 2-3 kHz ͑e.g., Shailer and Moore, 1987; Moore and Glasberg, 1988; Moore et al., 1992͒ . The most likely reason why the two tone-pip procedure is sensitive to frequency is that the standard deviation of the Gaussian envelope was four times as large ͑2 ms͒ for the 500-Hz tones in the present experiment than for the 2-kHz tones used in Schneider et al. ͑1994a͒. As Schneider et al. ͑1994b͒ demonstrated, gapdetection threshold increases with the standard deviation of the Gaussian envelope, because an increase in the standard deviation of the envelope produces less of a dip in amplitude between the two tone pips.
Different gap-detection thresholds across different studies with infant and child subjects may be attributable, in part, to different definitions of threshold. For example, Irwin et al. ͑1985͒ used a 70.7% correct criterion in a two-interval, forced-choice task, a criterion that corresponds to a dЈ of 1.0. We used a dЈ criterion of 0.5 because thresholds determined with a low criterion are less affected by lapses of attention than are those with a higher criterion Schneider and Trehub, 1992͒ , and also because of the low asymptotic performance in infants. As a result, the present thresholds could be lower than those of other studies because our dЈ criterion was lower. If we adopted a dЈ criterion of 1.0 ͑Irwin et al., 1985͒, the resulting gap-detection thresholds would be 7.2 and 6.3 ms for children and adults, respectively, still considerably smaller than those of Irwin et al. ͑1985͒ ͑25 and 13 ms, respectively, for children and adults͒. Although the threshold criterion used by Werner et al. ͑1992͒ differed substantially from ours, changing their criterion ͑the stimulus level at which the observer said ''signal'' 70% of the time on signal trials͒ would not affect the magnitude of adult-infant differences because the slopes of their psychometric functions for infants and adults were essentially the same. Thus, despite the fact that differences in threshold criterion preclude direct comparisons of thresholds across the two studies, adult-infant differences are nevertheless comparable and, indeed, considerably larger in the Werner et al. ͑1992͒ study than in ours.
Why, then, are infants nearly as good as adults in detecting gaps between tone pips, but much worse than adults in detecting gaps in a continuous tone ͑Werner et al., 1992͒? There are a number of possible explanations. First, temporal acuity may well be much poorer in infants than in adults. Second, if gap discrimination is based on the extent of the decline in neural activity that occurs during the gap, then infants might require a much larger dip in neural activity before the gap becomes detectable. Third, lapses in attention or motivation on the part of infant listeners may be the principal factor accounting for the difference. Finally, infants might be much more sensitive than adults to the effects of adaptation.
By a process of elimination, one can argue that the final explanation is the most credible. Large differences in temporal acuity between infants and adults should have yielded the same relative difference in the present study as in Werner et al. ͑1992͒ . The small adult-infant differences in the present study imply, instead, that the large differences reported previously ͑Werner et al., 1992͒ do not primarily reflect differences in temporal acuity. The second possibility can be ruled out for similar reasons. If gap detection by infants requires a much larger decrease in neural activity during the gap than is the case for adults, then the same relative decrease should have been necessary in the present study, leading to the same relative difference in threshold. Third, lapses in infant motivation and attention are often considered responsible for large adult-infant differences ͑e.g., Viemeister and Schlauch, 1992͒ . A number of investigators have shown ͑e.g., Wightman et al., 1989; Schneider and Trehub, 1992͒, however , that the contribution of such factors to estimated thresholds is relatively small. Moreover, there is absolutely no basis for claiming that motivational or attentional factors made a substantially smaller contribution in the present investigation than in Werner et al. ͑1992͒. We are left, then, with the possibility, indeed the likelihood, that the effects of adaptation are considerably more severe in infants than in adults.
To understand how adult-infant differences in adaptation and recovery from adaptation might account for differences between the present findings and those of Werner et al. ͑1992͒ , consider the pattern of firing that is likely to result from the interruption of a long duration tone. When the tone is first turned on ͑see Fig. 5͒ , there is a transient response that FIG. 5 . Relative response amplitude as a function of time for hypothetical neural units exposed to a tone. The response parameters of these hypothetical units are assumed to differ between adults and infants ͑see text for details of the infant and adult models͒. The tone is assumed to start at 0 ms, with a gap introduced into the tone at 200 ms. The duration, ⌬t, of the gap changes in each panel.
quickly decays ͑within 25 ms in the Mongolian gerbil, Westerman and Smith, 1984͒ to an asymptotic, steady-state level. When the tone is interrupted, the firing rate drops rapidly to zero and remains there until the tone is reinstated. At that point there is a brief transient response whose magnitude is dependent on the duration of the gap. The form and shape of this transient response is similar to but lower in magnitude than the transient response that occurs when the tone is first turned on. As the duration of the gap is increased, the break in the pattern of firing is prolonged and the size of the transient response upon reintroduction of the tone is increased. The transient response quickly decays, however, to the steady-state level. ͑For examples of firing patterns that have these characteristics, see Harris and Dallos, 1979, Figure 3 .͒ Also shown in Fig. 5 ͑right-hand side͒ is the firing pattern that would be expected for infants if the rate of adaptation is slightly more rapid and reaches a lower asymptotic value ͑see Appendix for details͒. The net effect of these two changes is to decrease the extent of the change in rate produced by introducing a gap, and to reduce the size of the overshoot when the stimulus is reintroduced. Thus, if adaptation is more profound and recovery from adaptation is slower in infants than in adults, then infants should find it relatively more difficult to detect a gap in a continuous tone.
Harris and Dallos ͑1979͒ showed that the degree of recovery from adaptation was a function of the duration of the adapting tone ͑see their Figure 13͒ . Figure 6 illustrates how the firing pattern of an interrupted pure tone ͑gapϭ5 ms͒ might change as the location of the gap is moved progressively further from the tone's onset. ͑As detailed in the Appendix, the parameters controlling this process were selected so that the response firing patterns shown here were similar to those shown in the poststimulus time histograms from Figure 13 of Harris and Dallos, 1979 .͒ When masker duration is short, the rate of firing before the introduction of the gap is high, the rate drops to zero during the gap, and returns almost to its peak value when the tone is reintroduced. As masker duration is increased, the rate of firing before the gap decreases rapidly, and the overshoot after the reintroduction of the stimulus is less pronounced. If this firing pattern is also characteristic of neural activity in the human, it would indicate that the detectability of a gap should decrease as the duration of the tone before the gap increases.
Finally, Fig. 7 shows the neural response produced by a gap that is introduced 5 ms after the tone is first turned on in both adults ͑left side͒ and infants ͑right side͒. Clearly, for gap durations greater than 5 ms, there is very little difference between the response patterns of infants and adults. Thus, if adaptation is more profound in infants, and if infants recover more slowly from its effects than do adults, then infants and adults should have quite different gap-detection thresholds in the context of continuous tones ͑see Fig. 5͒ , with the size of this difference reduced as the duration of the tone before the gap is reduced ͑see Fig. 7͒ . Thus minimization of such adaptation effects in the present experiment by means of Gaussian-enveloped tones may be largely responsible for the relatively small adult-infant differences.
The present account implies that temporal resolution in infants is nearly adultlike by 6 -12 months of age, but that the rate of adaptation and the rate of recovery from adaptation may be very different in adults and infants. If adaptation is more rapid and recovery slower in infants, then infants would be at a particular disadvantage in any situation, such as a noisy conversational context, in which a substantial degree of forward masking is likely. FIG. 6 . Relative response amplitude as a function of time for hypothetical neural units exposed to a tone. A 5-ms gap has been inserted at different points after tone onset. The portion of the tone before the gap is referred to as the masker, and its duration specifies the time at which the gap was introduced.
FIG. 7.
Relative response amplitude as a function of time for hypothetical neural units exposed to a brief 5-ms tonal masker, followed by a gap whose duration is given by ⌬t, which is, in turn, followed by a tone of the same frequency and amplitude as that of the masker. Responses are shown for the same hypothetical infant and adult neural units that were used to generate the response patterns in Fig. 5. can then be used to test for row and column independence. It should be noted that because we were only interested in deviations from independence in one direction ͑corresponding to a hit rate that was higher than a false-alarm rate͒, tests were performed only on those tables for which such a condition held; in other words, we conducted a unidirectional test of the null hypothesis. ͑Deviations from independence in the other direction were treated as random events.͒ Because chi-square tables list critical values of chi square for bidirectional tests, the actual ␣ value ͑probability of a type 1 error for a unidirectional test͒ is 1 2 of its tabular value. Thus, in order to obtain the critical value of chi square for ␣ϭ0.05 ͑unidirectional test͒, we used the tables for ␣ϭ0.10.
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In modeling inattention, we assumed that the observer's criterion, when attending, was midway between the N and SN distributions. When the observer was not attending, it was assumed that the probability of a hit and the probability of a false alarm were 0.5.
